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The burden of birth defects and genetics diseases

Increasing

30% of hospitalized diseases in children

20% neonatal mortality &50% child mortality

> 50% miscarriages before 13 gestation weeks
Difficult, costly treatment, poor quality of life

(Prenat Neonat Med 1999;4.157-164)
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Prevent genetics disorders

&
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Prenatal prevalence of chromosomal abnormalities

Percent of Reported Chromosome Abnormalities

mT21

W T18

W T13

M 45X

W Sex trisomy
W Other rare

Data adapted from Wellesley, I, et al., Rare chromosome abnormalities, prevalence and prenatal diagnosis rates from population-based
congenital anomaly registers in Europe. Eur J of Hum Gen, 11 January 2012,
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Current prenatal screen and diagnosis

Screening
«Ultrasound

Biochemistry

<)

Genetic analysis

Y

Counselling

a@ BENH VIEN T DU
"a,,am(f

I UG KHOA XET NGHIEM DI TRUYEN Y HOC

Tu Da Genetics

Detection rate: <94%
False possitive: 5%
Not screen sex
chromosomal
disorders

Fetal losses due to
Invasive test: 0,2-1%
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2010’s: NIPT/NIPS
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Technology behind NIPT: cell free fetal DNA

PublmEd.g_u;-' | PubMed |

U5 MWational Library of Medicine
Mational Institutes of Haalth Advanced

M1234567 M8 910111213 Abstract -

C R Seances Soc Biol Fil. 1848 Feb; 142({3-4).241-3.
Les acides nucléiques du plasma sanguin chez 'homme.
[Article in Undetermined Language]
MANDEL P, METAIS P.
1 9 PMID: 18875018 [PubMed - indexed for MEDLINE]
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10. Mandel P, Métais P. Les acides nucleiques du plasma sanguin
Ghﬁ? I'homme. C R Sf;ances. Soc Eml F1] ]948 1-43 24] =3.
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cffDNA in maternal plasma
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Short DNA: 150-340 bp

Source: almost from placenta
cells, a litle from fetal blood

cells..

Increasing with pregnancy .
3-19%

Haft - life: 16.3 minutes

Undetectable within 2 hours
postpartum
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History of NIPT

1997: Lo et al. : finding fetus-derived Y sequences inmaternal

plasma from women bearing male fetuses
2001 : diagnosing Rh(D) genotype

2006 : diagnosing seks chromosome
o Xlink diseases (DMD, Hemophilia...)

o Gender

2 Based on the principle of PCR: limited specificity, sensitivity

2 Applied in detecting chromosomal abnormalities: taking time,
labour, missinformation...
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Advent of Next Generation Sequencing (NGS)

Sequencing millions — 43 billions short DNA fragments/time
> Simplify diagnosis of genetics diseases
> 2011: NIPT was introduced

2008 detection of Trisomy 21

— Chiu RW, Chan KC, Gao Y, et al. Noninvasive prenatal
diagnosis of fetal chromosomal aneuploidy by massively
parallel genomic sequencing of DNA in maternal plasma.
Proc Natl Acad Sci USA 2008:;105:20458-20463

Fan HC, Blumenfeld YJ, Chitkara U, Hudgins L., Quake

SR. Noninvasive diagnosis of fetal aneuploidy by shotgun
sequencing DNA fromm maternal blood. Proc Natl Acad Sci
USA 2008:;105:16266-16271
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NGS and NIPT

Extract and Prepare

2 Next-Gen Sequencing
c¢fDNA
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NGS and NIPT: aligment and map
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GGLCCTGGEGACAGTCTCCAATCCACTGAGTCATCT

GACACGGTGGAGCTCGGCCACACCAGGCCCAGCTGG
GGCCCTGEGGACAGTCTCCAATCCACTGAGTCATCT

ACAGTGETGGEGECCCATCCCTGGGIGAGGCTCAGTT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
TCCGCCCAGGCCATGAGGGACCTGGARATGGCTGAT

GACACGGTGGAGCTCGGCCACACCAGGCCCAGCTGG
GGCCCTGGEGACAGTCTCCAATCCACTGAGTCATCT

ACAGTGETGGGECCCATCCCTGGGIGAGGCTCAGTT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
GACACGGIGGAGCTCGGCCACACCAGGCCCAGCTGG
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
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Sequencing tells you which
chromosome the ccf fragment
comes from

chrld
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chrl0

chril
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NGS/NIPT: analyse, count copies of chromosomes

CffDNA °
(20%) i

Detecting
aneuploidy

|

=~ I

e i — ::; cfDNA of 21
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ULTRASOUND S

in Obstetrics & Gynecology isuog

Ultrasound Obstet Gynecol 2015; 45: 249-266 m

Published online 1 February 2015 in Wiley Online Library (wileyonlinelibrary.com), DOIL: 10,1002/uog. 14791 —

Analysis of cell-free DNA in maternal blood in screening
for fetal aneuploidies: updated meta-analysis

37 relevant studies 2011-2015

* 5 had data from the general population
* Most were retrospective or prospective
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Meta analysis of NIPT (n=21.608)

ANEUPLOIDY NUMBER DR (%) FP(%)

rl M.M. Ultrasound Obstet Gynecol 2015
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Meta analysis of NIPT

Table 1. Cell-free DNA Test Performance Characteristics in Patients Who Receive an Interpretable

Result* <
Age 25 Age 40
years years
Sensitivity (%)  Specificity (%) PPV (%) PPV (%)
Trisomy 21 99.3 99.8 33 8/
Trisomy 18 974 99.8 13 68
Trisomy 13 91.6 99.9 9 o/
Sex chromosome aneuploidy 91.0 99.6 - -

Tu Da Genetics
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(ACOG committee opinion, N0.640, sep 2015)
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N I PT DS/Miscarriage due to Invasive test

Combined test 90% 5% 13:1
1st

Triple test 70% 5% 10:1
2nd

NIPT 99.3% 0,16% 90:1 444:1

99.8% 0.05% 180:1 1400:1

T21:1/700

. ACOG Practice Bulletin No. 77, January 2007
. Benn et al, Ultras Obstet Gynecol 2013, 42: 15-33
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% The American College of
; Obstetricians and Gynecologists l
T WOMENS MEALTM CARE PHYSICANS \ The Soclety fo
4 Maternal-Fe: IM dicine

COMMITTEE OPINION

e December 2012

“Cell free fetal DNA appears to be the most effective screening test for aneuploidy in high risk
women... is one option that can be used as a primary screening test in women at increased risk of
aneuploidy”

“[NIPT] should be an informed patient choice after pretest counseling”
“[NIPT] should not be offered to low-risk women or women with multiple gestations”

“A patient with a positive test result should be referred for genetic counseling and should be
offered invasive prenatal diagnosis for confirmation of test results.”

Also supporting NIPT for high risk pregnancies: (‘ 1 ] Geneth d
iy R = ISpd Counselors

Consensus with high-risk pregnancies
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NIPT: limitations

* High cost
* For low risk, twin, microdeletion pregnancies, single
gen test...: Not yet recommendation

M « Discordant results:

Confined placenta mosaicism

Fetal mosaicism

Vanishing twin

Maternal abnormal karyotype
Discordant twin

Cancer




Prospect of NIPT

Non-invasive

Fetal
ole geno,

.
&, neuploid Deletion

J. Cao 2014
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NIPT in Vietham

. (oo * Pregnant women have the opportunity to
verifi 9 PP y
reach new advances

AEERING + Interpreting results:

naterar » Consistent with Trisomy — Disomy
R > Affected — Unaffected
Ariosa > High risk — low risk
» Possitive — Negative

“BEHY%EQS%CS » Aneuploidy suspected

1L EH [, > PPV, residual risk value: +

=2
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NIPT in Vietham

Legal:
Legal framework
Practical guidelines
Abuse

Ethic:
Sex selection
Cost/cost living

Social:
echnical development

Gender balance
Quality control

&
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Apply cffDNA In Vietham

Detecting cffDNA in maternal plasma by PCR

and applying in prenatal diagnosis of genetics
(Trinh Tien Sang et al., 2013, Vietham Medical Journal)

NGS technology: new, undeveloping
Bioinformatic: undeveloping
Research about NIPT: Not yet
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» Objectives

- Setting up the protocol for isolating cfDNA from
maternal blood and determining the present of
cffDNAIn It

- Determining values (sensitivity, specificity, NPV,
PPV) of NGS In detecting aneuploidies by
cffDNA In maternal plasma
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Processing flow

Colect high risk samples(n=124)

/

Isolate cfDNA

Determine present of cffDNA

Karyotype
NGS
Result |€ > Result

T

CVS/Amniocentesis
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CONCLUSION

NIPT. Inevitable trend in prenatal screening and
diagnosis
Implementation of NIPT In Vietham: many

challenges about ethics, social, Ileqgal,
technique...

Need to promote researches about the
applications of cffDNA to make legal framework,
clinical practical guidelines NIPT in Vietham.

*i Z BENH VIEN TU DO ,'&‘/ KHOA XET NGHIEM DI TRUYEN Y HOC www.tudu.com.vn
RS Tir Dii Genetics







